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This thesis investigates the increased drag of a super- 
tanker through the addition of flat plates mounted on the 
Keel normal to the flow. 


Several arrays of these plates are analyzed for their drag 
Meeeatcing ability end the results enumerated in tabular and 
graphical form. The arrays are compared one to another to Ce- 
Bemmeme the optimum or near optimum solution. In conjunction 
Wem che above, the percent reduction in head reach of é€ super- 
Meeeer with various arrays effixed to the keel as opposed to a 
Me=wrane System is calculated and tabularized. 
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INTRODUCTION 


Spurred on by the incentive of larger and larger 
revenues obtained from greater and greater cargo carrying 
Sepabilities, the merchant marine industry has gone to 
eeemos With a full load displacement upwards of 100,000 
tons. With the evolution of these enormus tankers, which 
are better known as supertankers, came the associated 
problems facing most existing ships of comparable size. 
One of the most formidable is the slowing down or decel- 
eration of these ships from their normal service speed of 
16 knots. 

The factor that must be overcome in stopping a super- 
tanker Fe the associated kinetic energy (1/2 M v7) , 68) 
When one stops to think that the value of Mis extremely 
Umwentor supertankers, it is not difficult to appreciate 
the force necessary to overcome the Peace energy attained 
by a supertanker even at low speeds. f nothing else, 
we have at least an intuitive feeling based on the above 
that the stopping times and distances of supertankers will 
Semeerege, in practice this 1S just the case. 

The problem becomes most acute wnen the shiv is 
Seemacing under low visibility conditions or entering a 
port. in either situation, the dangers of collision are 


Memamount. Based on existing Rules of the Road, the super- 


Memsers Lace a Situation in extremus by Eheir very existence 








on the high seas under low visibility conditions due to 
mae jJarge head reach involved; l1.e@s, distance fravetequay 
meee ship during deceleration. 
The forces available to "Oppose Ene motion SF aesuper= 
tanker are hull resistance and propeller thrust. Model 
tests have been conducted to determine the effect of the 
propeller in decelerating a ship, 4) The head reach has 
been measured under the conditions of (1) "natural" decelera- 
tion, or that caused by only hull resistance with the pro- 
peller free turning, and (2) crash~back deceleration or that 
Gaused by the propeller turning in the full astern thrust 
mode. In both cases, the ship traveled 40 percent of its 
See ead reach during the time it took to reduce the speed 
to one-third its original value and 80 percent of its total 
feeemreach during the reduction to one-half of its original 
speed. Since the astern thrust does not reach its maximum 
Peete until the ship has traveled 80 percent Ob Rics Peeal 
head reach, the effectiveness of the propeller is nominal at 
high speeds, the decelerating force being almost entirely 
derived AE oe the hull resistance. The propeller becomes 
the dominating factor only in the speed range of one to 
Six knots. Therefore, from the above, it is evident that 
increasing the installed machinery power is not the answer 
feemeene stopping oaeeien 
snere are two obvious ways to help reduce the severity 
of the situation. One is to decrease the initial speed 


=rom which the deceleration must take place. However, as 








With most things in today's society, time is money; hence, 
pmeoapid transit time for a supertanker is imperacrve. 

Thus, this solution is not looked upon favorably. Another 
partial remedy would be to reduce the time between the 
order from the bridge to reverss the engines and the actual 
reversing of same. This is better known as reducing the 
dead time. Little argument can be made against this, but 
jes effect on the total head reach is small. 

Coupled with all of the aforementioned problems is 
the additional problem of loss of maneuverability of the 
ship when the propeller is reversed, the rudder being no 
Wenger able to control the ship trajectory. Hence a sni 
under a crash back maneuver could conceivably render itself 
helplessly unmaneuverable for as much as 15 minutes, thereby 
placing itself in extreme danger. 

Faced with the above problems, a new idea was brought 
to light in the addition of a braking device which could 
be installed on the ship to supplement the ship's own 
braking force. The advantage of a braking device ocher 
than the obvious opposing force offered by same, is the 
ability to decrease the speed of the ship from 16 to 6 knots 
more rapidly than before and hence reduce the time spent in 
the unmaneuverable stage of deceleration. Further, the 
breking device itself may help to maneuver the ship during 


iis period of rudder ineffectiveness. 








Hence with the above in mind, a flap device was de- 
Signed which extended from the sides of the ship. The 
effect on deceleration was substantial but the required 
size of the flap made the idea Ueene tea Arter has 
a momentum reversing scoop was tested and found similarly 
Seeecctive, but again not prectical in that it could not 
be retracted when not aeeeeen 2! Little else was done and 
even less was published about the use of a braking device 
Moett the writing of this thesis. 

The motivation of this thesis is to design a hydrody- 
Namic brake of the flat-plate type which would rectify the 
problems incurred in the two preceding designs. Numerous 
configurations within several basic arrays of small flet 
plates (hereinafter referred to as "“platelets") set perpen- 
dicular to the direction of motion of the shiv were to be 
affixed to tne keel of a supertanker as modeled by a large 
flat plate (hereinafter referred to as oe “plate") and the 
drag induced by these platelets was to be measured. With 
this data, the reduction of the head reach of a supertanker 


Was to be calculated and thus the value of the array 


evaluated. 


a Gare 








PROCEDURE 


The object of this thesis was to investigate the in- 
creased drag on a supertanker, as modeled in the M.I.T. 
propeller tunnel, by the installation of semi-tandem plate- 
fets along its keel. A large mild steel plate whose dimen- 
Sions were constrained by the size of the propeller tunnel 
test section was manufactured to a thickness which would 
Meecluce buckling of Same in the face of high velocities. 
Platelets were also manufactured of mild steel and were of 
eyes i" x i" x Ls". 

The platelets were affixed to the plate in various arrays 
fOr testing by use of epoxy. Then the entire unit was in- 
Peeeca into the propeller tunnel test section supported by 
the dynamometer rod. Due to the excessive weight of the 
Emit, a supplementary support was needed to relieve the 
stress in the dynamometer rod/flange weld. Hence in order 
menpcovide maximum supoort with minimum resistance to flow, 

a "V" shaped device was designed and located at approximately 
M@@emcenter of gravity of the unit; i.e., plate and platelets. 
Once in place, a flow was induced past the array and 

tne drag sought. The force on the array was transmitted 

Via the six component hydrofoil dynamometer to an uvoper load 
Melt of 100 lbf capacity and a lower load cell of 200 lbt 
Capacity. Two load cell outputs were necessary in order to 


solve the force/moment similtaneous equations. In turn, 


ali ] 
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~mme loac cells transmitted ean electrical signal @ovene ws 
respective Digital Strain Gage Indicator, which displayed 

fre crag force of the array directly in counts. A Calioraetion 
rocess employing hanging weights was used prior to experi- 
mentation to develop a graph of lbf vs. counts to be used 

in Geciphering the Digital Strain Gage Indicator output. 

Drag data was obtained for a specific configuration for 
speeds corresponding to that of the parent shiv range of two 
to sixteen knots inclusive. Initially, a large number of 
platelets were affixed in an array and, as the experiment 
proceeded, platelets were removed until a bare plate condi- 
[meowas reached. This was done in order to conserve time 
end decrease experimental error. Finally, the drag for the 
bare plate condition was subtracted from the various con- 
Meeeracions at corresponding speeds and the drag of the 
platelets themselves resulted; li.e., corrected drag. 

For each configuration within Bele! Elcisey7y wee elute cbs 
Meeemeoecrlicient of drag, Cp, based on the total area normal 
mememe CLlow was calculated. A graphical display was tnen 
mee tO determine the average coefficient of drag fora 
Secular configuration of a particular array. 

The above was accomplished for several arrays designated 
memes) «6Spacing, 1"* svacing, 1 1/4" spacing and no spacing, 
and the results tabulated. Finally, based on this grapnical 
Mee tabular analysis, the value of the resulting head reach 


Of a supertanker with each specific configuration affixed to 


Ea oe 








to its keel was calculated and the value of each array in 
reducing same resolved. 

Several Questions arose during the progress of the 
experimentation which warranted answering. First, since the 
Reynolds number was chosen as the quantity to conserve in 
order to insure dynamic similarity, the Froude number was 
m@escCerded, the conservation of both Re and Fr requiring the 
Mee Of a different fluid in the model and the prototype. 

The error induced by this assumption was questioned but null- 
ified by the preservation of no free surface inside the pro- 
peller tunnel. This prohibition of a free surface eliminated 
Ene importance of Froude number in the experiment. Further, 
men tne ladden ship, the keel is so far under the free sur- 
face that the free surface motions are unimoortant and hence 
Meeeeroude number is irrelevant as far as the platelets are 
concerned. 

The second guestion of merit was whether or not the 
platelets as designed would be enveloped by the boundary 
Meer and hence rendered barren in drag production. The fol- 
lowing calculation answers this query: 


eBssume turbulent B.L.: 
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. .S= 2.26 x 107? x 4/9 


Since the first row of platelets is located at seven in- 
ehes along the length of the plate, the boundary layer thick-— 


ness there; i.e., at ~- = 7 inches, would be: 


2.26 x 107% (7) 4/9 


Or 
il 


ORIG walicn. 


Now the depth of the platelets being one inch, it is 
seen that the platelets will not be enveloped. Obviously, 


a laminar boundary layer would yield an even less severe 


Pree tiOn. 
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The drag generated by the various configurations within 
the arrays tested was deciphered and tabulated in Appendix 
VII. In these tables the column entitled "Drag Corr." in- 
dicates the restraining force produced by the platelets them- 
selves as mounted. For each speed analyzed, the corresponding 
coefficient of drag, Che was calculated and additionally 
tabulated in Appendix VII. 

A graphical analysis of the various configurations' coef- 
ficients of drag was made to determine the average Ch LOVE 
each; the results are found in Figures 6 to 28 incluSive. 

In each figure, the coefficient of drag, Cp, is plotted against 
the model speed in feet per second where the speed range is 
two to sixteen knots corresponding to the prototype. As 
seen in these figures, the coefficient of drag’ fluctuates at 
low speeds and then stablizes at higher speeds. This is due 
to the reduced sensitivity of the instrumentation at low 
speeds as discussed in’ the "Recommendations" section of this 
manuscript. Quite obviously, from a fluid mechanics stand- 
point, the coefficient of drag should be constant for each 
configuration although differing in value due to the high 
Reynolds number involved in each case, which dictates this 


(7) 


phenomenon. 


Oe 





Finally, the value for the reduction of head reach 
under the influence of each configuration was found and in- 
cluded in Appendix VII. in terms of percent of head reach 


obtained without the aid of a breaking device. 


EO 








Tor ACING ARRAY = i PEATEEEY Ch 





Sanne pest euaee penne seed peeassses 
Ssegiccscts SSntace 
SSRes ceeeeeeees pee 
BEEDd Fedeeeseed Ueeeenmens Peveeeenepececte 


| 


aaees 
feet ai 
~ 

| 
i 

— 

| 

1 

elem 
vign 
+ 
Ty 






RE ee -_ | - 
Semis | 
Ieee 














































































sees tesestarea as: seatactarectarten af 
Buse CeeESUUUGs (eseeeeees GsseTeesceense 
Sones Seem nnnes reeenesees seaecteeeeeni sey: 
ces beseacoed SEUBUeTeT UECTREERES ESE 
Besos soereseaeeseeesccerssesseeesssers 
Seuss cece ebseed (eesU bee] eens Ee ted Ceanee 


sates evsatantadtasatastastetastastesestas 
FEELERS EEE EERE EEE EEE 
feo ISERS ERE ARR ERERER AR SRR eas eae AEs 












































ee ee le | | ttt tt tt ep a 
aa aos RERERES AS0P hey SRN SUeek | oe ae) 
Shit Eee Rees) eS oF ae 2 eeeeeeneaae ee) Se | a] 
aoe See = wpa Nee eoEn ae 


=r, el | 





SO 








1" SPACING ARRAY -—- 2 PLATELETS Ch 




















rea 
co 
oman 
ine 
mie la 
ce 
ezine 
at 

[ 

| Sita 

+ 


|| 
CO 
{ 

Pore ett 
lee ae 
“7 - 
a 

= 
ttt 











tiny 
iat 
mr | 5 
| | 
eisai 
| 














cel 

‘|| aaes eles 
PEE EEE ECE Eh Ee 
HEE EERE | Sto 
BEGG SC ceo q rice 
EEEE HS EEEEH CEE | tH 0-4 
ar | SI 












Sane eae 



































7 cee 
seavacevaseresszsss . 
BRS ese Se RsEr Chas 


| Ss 
ssdasfostastasesrectanrontant sessaies 
EEEEEE EEE Eee etree 


t+ [-- yd te 
ea poctaetefy sed Earaaaaatese ae 
2 22eh Rakes eRe ERRNO S RRNA Se 
SER ERAeeeLee aH ia mi. 
(SRR Eee Rea Boe | | J 
im BEET Ae 

























ttt ae a a pene || Ree} 

RRERESESESEERESEESST eae 4 

ee BERR EE SPREE aT ES aber aN A Be, 

role aa SRSE AER ERED ERRERERESZALESST pte 
4-H Ae hae es ee eee eee Ree RE eee i , | 

RRS SEASRES TE PARR SE UREA SARA A | ae 
Ha pb 2 ERR EERE SRR ESE Se | 

¥ERABSD Bz Se a ye 


Surat ascii fasastieasitfosstd asst ttaritin 
edaeeeger se peeenets 
seed festetantantenterestantastarts tartar’ 








aaeee a 
eae ieestetan tay ee SEB 
SERRA RRERSEER Oe 


(Boe 








1" SPACING ARRAY —- 3 PLATELETS Ch 





















cale)— 

















aoa} 




















em 
Not | to 





0 


















































SEUu GEES ESTSCa SRSUEESERE 
cert ebiag prep reeeept eeeeep 
| ee EXER ERESRSeER Soeeeaeeue 
Sebee ped sceseecRieasecuad (cscceeaee 
Ree I 
oaaaae ete lala ea Seas. ae 
BESeeGEr: SeeNex CCRSENUEEY Ceseevetee 


EECA 
Soerssrearessracesscessorssere : 










ue gee eet est 


S2S8 S00 S058 Dee ee ES 
ERS ae ees Ree MaRS Seas 

, EZRARSeA ee se | ees ee 
TERE SREP T TSAR ERASER 

ti Z eS eae BESET AEE ARESEAERELS fe) 

JES EBRERRE She SEE ARERR AEA AAAs 
DARPRRESASEE SERRE ZAR ERE Eee AREe ERS 



























ee ee ee ee ee 
Eeae eth cl oes) eel alison | ete 
am & RARE REREREMARSESERES TD 
eS ae eee | ee ee ee 
ER REST RESEE S RAE SA RERRRE ZA 
JRE SERRE ESE RHeeS Se eEaS | | | 
et pe fe ERE RES RASRRREE | 
SREREERE ae EESz San 
Se0000000S00S000RRRSEES05005 Sacneuanene 
Qe RRR ESES eee Seem 6 nee 
i t ' 


Ee 
| APRS See Cee 2 eee Sse eee ee | 
i SIS Sah I (Sei oh) | aaee a ae 
See x 


















Ex eee | ee Soto Tos a, 
ee i as BE aes elect | I See 
Rt ieee as ee | 
hones SRS Mead Vee ee TRE ASRS VeRL ! 
BRBEEEDS Oo Bee ee 


ee PP Pa ee eee 


EO A= 








1" SPACING ARRAY - 5 PLATELETS Cp 






f 
to_scale) 























Wot 




































SERRA 
ee el lee 
BRAT | | | 
| EVeEREE 
tote ta] SRR eSAIRAeEs 
<1 Ze6an8 
SERRE RE 
aaa | 
Ean 











COCO 
LOD semsUedeceeonee meee 
ss a i I 
sence COC 
COPE reer eee 
SS Seca eeele Teens eee 
(ys Ne GOES ee 
SERS REE aE Ar ae ee ales aiaiaial ya 
Hare aie ee Seaee i ad 
[REC e ene Sea Sl os 
Biase ae oe alee ee alee me al 
ME pa a a 
[a SO ed i a i fl 
A LS 
LGD hose nese sees i 
Memes ee eee: eee ee oa ORR 
eae ert teal gee eal ee a eer 1 a ee | 
Es a Oa a SG a OR 9 
males ete aie at alee 
St fal ee 


EF SSRRRS ftp eg 
See Ee a £2 (RRERESSS 


Sa age ee a 

} 

| S2ScS0ec000008 pt 
| PEEEEEEREH 













































































|_| 
PEC rrr ee 
|_| Lad eae ar ll | tot a 
ee ee ee ra BEEZ SE RESIRRETIALIS SB 
SELES S eRe AAR TAA SESSA eS 
SU Sae ee B2e eS ESR5R 
Sagres rele LaPeer ees 
Ett ttt 
EEE CECE EEE eR EE 
ecalies, nosl td | (eo ey | - {= 
aes) eer 4 | | Ske seee 
Bualesensnenes seasnnunae 
RES SSRIS Re 
Leste Ree eeeR 
SSeueeaeaeeeanee suite coe 
SSGR60 saat Sb Re ee a 
Pt ttt bs ty ; | 
sgueranesat cs a eseseceit Srerpen satsae 
Sanat sm EERE stastitae Soot 





ee a 





29) 2 








D 


Me 


SPACING ARRAY ~ 6 PLATELETS C 

















1 
’ 


‘ 











|_| 
pe Ee 

SRERESERELSSS 
ee I ae png ett 
2 SRRRSSeReaRse Aes 
peat | t- SERRE EERE ASPSS 
SRR SESE SRS 
SHERREORERASATCS | SRS 
HERES SERBS SVSN OS 
aan Ee 
= : HSSSEREEREAL 
eae 2a S00 SSeS ee 

SER Ree HRS EERRERERRARRRESS | 
SARE REBAR S Eee": 
SERRRRAL YRRRSST SERRE AREARE A 









































me 
i 















aH fe ne Hp 

ae ee Lae 
ee hat eee Sees 
app bap bape top bad Seeeee 












BSS BERR RRERRERE LE 
ERERE BRU SSBEESRRSEEe 








EEL SESS eae) IS 
ano SSS 00080 0o see Soe 








seeceeeeeeeeeeeeeeeeeeeeeeres <anen 


SsesHeeedestenteseesteet tae tests 


GREE ERE RSE ERE SAREE Seas 
— Ht Lf 
SS225 38 





Sere Ceeeeesel be beeeenes TPOTESSEEES 
pet ieee Seodeeetsteeeentes ass 
ee ee BESEATS ae 


eer ecteee eee 


meet at SeReSeEEe PER 
EI 2ES SRE SARE ee eS Shh Pe ea co 
| SPeRGeRemumeRen aes cn REELS 
eR ERE EERE ERPS SARERRAEDSS eS 
a BERR S ER RRRREREREEESS 
aes L228 SS Raa aee 
ZEaECRREERe Soe PEAR eae | 
SEE ae P SARA E BRERA SARA 
SARS PRES RESAARE SSR eS Pell SIelaeael 


Secad feasatdeastisteserii onatieevit tare 
SsHEsiatanstessesaseeatantzacteocstcsseas 
Green /Seocsse cassie oost eacstii ost pesessseeeeas 


ele ee lle ee ae ae 


-26 








1" SPACING ARRAY - 7 PLATELETS C) 



















































| { | 
cE POC grrr Bas e.a 
SSRSR ESE | alas 
od | 
pees sees aey 2e5 SEs 
Bear a pa Be . 
' mt cee ae 
ig alee AARC BEE 
Se Fl a 
ie oaeaeeeeae 
TC eta Seat Le 
Pr oS BEC Reopen 
eee ee aa 0A aaa 
wea Seema 












BRGGE SOR8S095CS00F 
Os Oe a 
a Ae Pe Sie 
ieee Coase 
eae eSB Sok 
Jae eee 
el dee al eee 
(Siea ae 












































































= 
SeSuG555. SE SESESSSESESESS ES 
PERE 
BEER EEE EE EE EEE EE EEE EEE SEE 
panes sue bunnies UU SEERECUUUuuat Jann 


ae ERAS RRR RRR RE Ee See Ieee 
aa a 
Fe ees eS 0 ct A 
[236 ERR RREME Se ERE See e see awe 
J Rea eR RS ERS REPRE ROAL Oe ARS ees 
<RRREERER mp tee fet ppt eget 
a A Ua ete IE sa al] a 

2a eee BERGE Cesar seemnecics Beacae 
Tek eee Meee eases Steekeee 

= SRR REE 




















ce Lee eee Rae 
Gea fees Seas 
an SRR Eee. Belial 

a eee ee eee eee eRe Figs peal 
BESRE REESE ARERR AL EEA SETA 
Se SSE LLASALeR Saw 

















Ss 


Suaey SeeUuReuer Jer, 7enee0 foc UnReuns qUCegueee 
SEReSESERSRERN GREASE SRA Pa BAe eee ee saguece 


ee 








1" SPACING ARRAY - 8 PLATELETS Ch 











| | 
5 ay oe Te 











aeaue 


aa 


























i 











PEEEEEEEEEE EE 





































































Soees teste rentanestanastsiit tars 
aaa ReCSeer ame 




















t 
i 1 t } 
_ Ses SESSA RSE SA 

LERES SRSA PERS CePA EEL Aes 
JE Eaa SERS eee SAV SPSS 














neg a eS TOs aa | 
BEE Gee So aeee sea eee os aa | 2. 
[ica i OO a a = elas ote 
Beira Joe eminee aie | an lanee eee al 
i 1G Ra ee eae eee ok weet ey 
See OR Re ae ee Cale Toa 
El A la a i i i 2 anne 
PECTS i 
Ba aie tessa ieee Te 
sl BESHEAS GE Ndssneee Peal 
ete Se eae ee eee 
Sige ee acai oa eames ae 
a i a Oe 0 5 SL 
2 eae ease er : 
a a ee ee a 
SSSS ECAR cama Me Rae N eA OCC COm E 
At i a 
DUCES RRR ESOS Sane Ewe Ie AS 
i i Gl a 
ASIII eae as Pe ata a ete 
BESS AO ease ee) aaa 
SEG ERRGRS OSE See Se SERB ISeOss VuceEe 
meen ee eo eee | 
SOO SCE oO 
SR Ae A A el se 
SS SE ee ESS Pree gr ee ae erm | Ties 
5g 2 
Baia (ome el teaialelel | lalallala albahs TOL 


— lees eat Nia ot a a a 


—2A .. 








1"* SPACING ARRAY - 2 PLATELETS C, 


















































































EAE 
ee SS see) a eee coe 
Se ee ener 
Fo se le PoAMonoed os comes 

Sueee peuee ees Ceeeeueeee tnneeeuerd EAE 
Soeeatesestastanteseatantantertatasts 
SEES SEE PSS 
SEEN1 CEmTESSES CREEECESEL ERED CECE 
PRSERRERERS aso hs SEAS 




































2 ee ee 
a SE SER SESE SEEEEE 
Sees EEeeR See at 
SSR EeER aoa aae 
fee ena | EEE 
ER SaR ala 
——-— Pt 
SS RESRPRSS ABA R 
Cemeeiel BLESSES 
es ttt tL 
REE he J eRe eee 
ZEeRRRPELAASE LESS Bae SAee | 
Eater 























a 


SRR eESe SGA —, [zee 
SSSecLeResaee ese sec eee! aaa ! 
Bee ccCeseas 











ase see itt | 
weed abe dP Easeeze ieee So SeaReeee 





jee races? faneene 


ssigriassiiii an ARB 2e) 3 See 
ley Jaa 








=720— 




















1"* SPACING ARRAY — 4 PLATELETS Ch 


NT TY 
. 
) 


a 





cecal 


Or 


f 


I ' 
r Se om w anbenenhe anche cent-4aan-} <kenbnosate sere tome mecpenmet. = 
t 


_ 





| =z Swain - 

: or re lala Ser 'O; ees 
SoSeaaeeeso 44 SRGRR asia AN i 
= Beane ial etme oe oy pots Tie 

ae lt 1 eet See 





wv 


3 Oe 








D 


1"* SPACING ARRAY -— 6 PLATELETS C 


nee ae Til Tae In Lal | 


ae ‘ i eae +—1-- abe 
4 = fear ry =| 4 ge ot —4 

} H { 4 ‘a { { 

; - i—t—t— +- Slo ae 


4 3 --¢ ——+- Aad 


SS 
oom oeee 


‘ 
{ 
| 
t 





Oe eh i eee te eee 
| 
, | 
‘ | 
0 ee 1 4 
, 
Se ee oe Se re ee. 
' 


es 





ny ene | 


a ney ee eee eer 





i 








1 1/4" SPACING ARRAY ~ 2 PLATELETS Ch 











7S a a 





~ 

















ot torscale)- 








(x 





















































| Bee eRe oe 
Zee 0: BEDS SRST eee 
SRRRER®.; aia toot lg tea 
ReRB ae ttf 
eRe S SER RRELSRRESNES See 
Bee a aia ss 
ett fp ta +} et ZanaS 
= fat LS RERREe Se 
aa aelcaes mite | eo EE 
id Eeseececeapeeseeces 
BEER CRR SRA Re 
a Sj nella 
i 
SERRE 
Se ehae 









abesceyperccezisiseene 
Ve, ae er 


EEE Hapeec a eeeTEEESE 

































ssitts Seco teureuesd PRtESRSRESESEEESEE 
Sot He S2ses5e00805s5e55555nSen50 
SSECdESsestocdastanganes ostastastscestestest teres 
Secs penn ueeed (Useee bees Geseseeeue bret= Sead METEREES 
Bieatpcecueesd UGEGeGCECeceSTecUceceChcecson fcrscacs 
AASe “ASR RR es StS SE ae HEH 
SEES Penesee ced CEREEdEEES CesEeEesis COCESEEES) Xcbazee 
; Soceeeeeee ooeeae “DSS a eo 





















Soees bececeunes fe ceseeces DNSUCEaaES 
Sesc Pee rete Saber Tene PEnuey SEuEEnEny Scaeue 
Subes creatoneet cee cazent seond steed ceasectetastasant 














re oye 








1 1/4" SPACING ARRAY ~ 3 PLATELETS Ch 





Sor 


— 
a S 
¢ : ——— 

| eee 
| 
—+ 


i 
(Ni 


Pet 

| 

ee 
i] 
2a 

ee 
i 
pe | 

mel 





a 
—— | 
ae 
a 
i 








Ot. to. scale) 


CCC 
Cre 









caries a pecs 

















ZUSSRRERES aire 

















ossteccetd tosis tacetsteseit 
bs atetecsttfesaiteasit tacit 
ap fp yf} aL jt 


pecesceseate PEE Eee 
PEER 


(cane 
| 
1 Real 




























ae | Eee 
ee Lp. Se 
mes 2 Ae were 
ae he |i 
nega Pear 
Sees ce se 
es ee coe aE 
Sa a Poor re 
oa. 13 































aoe 
eee 





be ia; lO Kl ia 
Saaemesno == @ 70 RRS REERERESREEES | 
20 Sn a pte ae : i! 
























Pete ee 





faba —_—— | cas 
Ef JERRE.: SERARSED ssa 
my | | | ae 
g Be 
ae 









HERE EEEE 
Sea rencescent 







@ 
1 


( 

ee a a 

| ae SOARS: Bese aes 

Peer! Ler | 
=, _ — ————7 a —s a Na ae 











1 1/4" SPACING ARRAY — 4 PLATELETS Ch 












































FCCC D 
A See vi 
peel. ie 
es ea si al 
Giger a 
Eat ja ae 
CCL as 
Beene | prises 
pra ! + O~ | 
el TST 





ag 


















Seer i cectineeat ae d 
met fatten i cape Poe yp | 











BRERRAEA EARS 
| | aes SSeS eas 
RGNREERE 

















. EBERSSRRESASSER a a 
aR eae 























} 





ELS 








Hie Saas om 
seseetaanssee ee De bn a hens 

Soest SuSeanEEE SESSRSRESEEe Amc I. 
: Boao CES EeEESECEE ta 

ico) ee lla =} - 


ToT yy ft a 
SRGnedeRRSRnne =i He fae Poo ] _{ he os rar 
SSaRoaeSREST is Baek. Ne | eet | on 

oa an nn hee awe Re ae 


iS ’ 
i Se ee ee - > a. 


“ye 








1 1/4" SPACING ARRAY - 5 PLATELETS C, 
















































































SEUSTeg fusans fasrasseveteonsened |anerserees Ceeees 

Te ea a REE ERREEES n- 
SaaS oe SRSERRERERE RSS eAvesS Seas aae mes 
Hee SES SRREET ERR ERaRERS 225 
SERPS ESe eRe eae eee eee EEE Gennes 
BPP eReeRE RSA SaR SE REBATES SAT eeese 
SEA ce REE Eee eee za ee Oa 





Senet! BEERS PARR 





SesSa=sH SSeS ce seceeeces= 
Soasaassesssessseseesssessse7ecta jerseeseerss acetic 
Scneerseeeereeasesssseeerencercaee < Se annaame 
sonsuossaevesesssesasesaessaersaeravarcceeses fessees 
Cee SoeeeeeeDee on ine 
asses tossaateet steerantastpetestazictestarts 
PEECEECEEEEECEECEE EEE 


Soe 




























Lita eek as eae ease Lees 
eS. CSRS eee eee SERA TARR ERR RAREReSS 
JES: 2 Lae Sas le Pee eee eee SER Aae HEN, 
BERS DRE ERLAEALERSE See EASA ETI ISEE Zee 
EERE EEE ppt SERRE ERST \ 


SCEECEECEECEE CECE EECEE-EECEE CEE EE EEE CCE 
a Se 








Sees du deeeeeecasecs pear gecatacas acizeest retorts 


=35— 








NO SPACING ARRAY - 2 PLATELETS Cp 



















































PEE 
SRE RREE 
sy os 
eeseeeees 
FEEEEEE 
SESRRAE 

SeEELE 

eee ye 

BRAS 

Ttr 

RASaRe 

ELST eaae 

piace 
piesece 

Sens peereones 

Siperees (oeeeeeeeeceseecceae 

JEESSES) MSR Reese eee Agee 0) 
eecen rae (na nea ree nneneeeGeeneugeee 
“4 

ee ae 2 eee ee a | 
Je BSGDs SARAH Bae 
Seeatoseteatavsatactatartet ateit 
4+0-4-4- 


SRR RES MEL allele! Ieee alate 
Bees] becestoceduaceteueds tock, ceccatia eeee 
REE SRSRE ERE ERR ES Owes 
Sans beetunees benueeeeed oraeeneed iy 
SunaU Coens eeead ConnEuueea eee eeeeeaee’ 
Subs peeeeecney seseeeeces test eeeees 
ee 








SRR aes RGSS Sees 
. SRE SERRE E TAR RRA REA ERETeA Aes 
il ei ae ee 
Lt HT See hae SNA ee ReEREaY 
a eee eR ARRAS eA 
._ JERS See eee eee eee LAER 
ee _ ERS RRSP RE eA PREPARES 
eg Es SRERERER YS LASER ELABESS 
ae el Ge BREESE ARREARS 

NEA 11 BSE EEE | LEER s1 ss 

| ee a es 
es tl BEA Rea eee SAAS 
mee | ae eee ee et 
JABS RRR SA ERK SARS AEVESS ARR EE 
me bf 
| fea Nez ee 














aka eee EES RRR 
SSSR RRES ARES PRE RRES SMERERAS 
EVs RTE Se Vesa ees: TASS RAT oO RISERS 
ESS eaAS Rae 
4 1 




















| SAP ’eoeas i 
i. ane = ‘’ 
| ppg fac eb la ee ae 
Hae a DanC SL Sele late oie a tai 
| Bene Ea mk. | , 








AaTUeoen Sos ee Cero : 
aoa el wie | | Satie | [ote ee Mize i 

S000 00S00000 550 Sees eee eee ee in 
so a : 

Pe ete eo SESSU8 Anne aE 
mye eR a Bee OINGE 
id I Coe os ic 
ei LL Lie fa aM 





r( 








NO SPACING ARRAY - 3 PLATELETS Ch 


eae) ae FcEECEECEEEEeE aE 


} 



















{ 
} 






im 
tae 
Pits i 
; ie al ) iy 
17 
ee | | 
| 
rare 
—-0 
+ 
a 


to scale 
eae, 


a+ $4 





| a ie a 
ert 
a 
a } | co 
7 "aa 

Pa i ey 





peeeeeett 
meen 1 
PEELE 
Hieoee 
a "= 
oO) 
i: 
Seen 


oa ere 


ha 
be 
1 
| 
j 





EEECEEEE 
ince 





















eee oe) es SaEeREeSa 
aaee iiieceees 
SBE: = a Ea als o 
riiw ee : 
Ee afgsseecfauiistt 
Ge nas Se 
=e At +H 
: SEEEECEEEEEH a 
ne SESS 0500005 
ar Ps et let aD Py 
=EEm Sa 5 i 
mel SABES ome 
me A Oo 
aa pop 
Bola COCO S rrr 
=e aeor SReeeeece -odasdee 
Beseest ts Hiei ae ellie ela 
sag esas tao ene ele ciel a 
7anee Pest alee ena ft 





eabes benbomeeen canes tecey beers 

BG Eed SG REESECMEEU GES GEed Abectaae 
apposite df tf tf i aaa 

SEE eee eeRARAAlL 








Sats Ceceeeeee Ueeaace socesecersvt 
ei | | att | He Ses 
Seeea peegueeeed Ceeateeeeccesactcces 
BREESE Sea ae ease eae See tet i (ae he alee 
BEER EEE EEE EP 


Sa reer eee 








22 See Rh Sees be eee eee 
eee se ee 
Jan Rae PEARS Eee TSAR RERSS 
a Se ee ea eel ty See 
im peste eae Oe A aa HE HH + © 
BU bee oescesseetsepescae Ee ELAREEEARS 





















C SERS rT seesets tases 
ssaiiavsiii fo SSaeREE 








le ele oa ea ace aoe ERR RSEER 


Banas SRE REBAR Ee ao (RaSh 
Bane zou aoe iz Ree se 





| | 


jl j f } 
eS le! aan Se Ld tae a a OB | 





Babes saveeavee™ sae secrecarssereser Cosesazes guscesae 


SANG, 








NO SPACING ARRAY - 5 PLATELETS Ch 


























; 
} ! { I 
are ee EE 


(Not 























sores feseentetectestartartaststarts 
tH ao mii] ot phe | gid 
Hope EES SCH penal. 
Beestes eraparatt 

oes cecueaeE es PNRREREECS 

as ieemenneed Soeeee 

uses sonsedgnes teeeences 
ssrerHiastastartestessiae 

Hi riiisierrunriniitts 











| ! 





| CEES SES 
eee), aa Sea Se 


} 
} 

















aaah RE SRe 


tt 












seee yg Eeeee ene geeeeeceeeea! Srevevae 


sadendestanasfestaestentartartas 


sans set sasnssasaceraesis SeuannEney 
Sows SeeESsunus SeseeeaaEsEeeessaeene 


ee. pitt RRS SCRE RRE Oe ly 
OR an bo | | 
{ | { j= } { } bez } 1 : 
: > 6 : 
Es SERRE LE ane ee SRE sl sw = 
SRE ARRAS IA ae aa Ree SERRE JERR |_| 
ei 





























aE 4 ee sakes | | 
~ 

pty SEERE) peaee Ban : 
—t 

’ 



































































Ser et 





Sane 





i 

















Rea aes Leas me 


ao 








NO SPACING ARRAY - 7 PLATELETS Cy 





















































coenoes 
SSERaR8 











ni 


geet SEE 











ERASERS RaRE SEAS 
= SBESERARRS Sees ESaeee 
BRERA REREAY AREA 
SEER RRR RSRESs | ASSREVAe SEEREE 
ZRERRESARR SAR AeSS 
ea aS Le 
EREREBSSPEANRRaeAT ARES Raee SEEGa 
ea Ene ae 



































] 
JARRE Saas 






































Se 





ee 














Peer SeemmEC 
SEs becumcece fall dtc) 1) 
a oe eel 
SUC ESe eee eee ee ie 
ae Sena PERE EERE EE aoe Swe 
a SOC am 
is ae ~ nee 
Vouse Emiaet ome ioe eaens 
aeaes i. El a an se 
ieee ale are oe tee i i a 19. 
Ca OS rt tts 
So Oe 2 esa, 
itescceccesteesenie Be 1a a es | | 
Soe eeeeseeeeece igen 
’ nm = 
1) ns {pat een 
ann Peer rae 4 PEPE ere rea ey a 
, Jt SEE ae ee ee 


Gas), Sec cae asa 
iP a | 


ae oe tele 


Lae ES 








NO SPACING ARRAY ~ 9 PLATELETS Cy 
















































bt = ee 

— Scat facce MabESaeaTapcsasece 
BEES 
eon dcoges pubes Dbeeeseune taubents tbe 
Pete Oe a Ae) te elo ee ie ae 


Sens Ceusuueanssreseeeees 


FCHECHE PEE 














































































Bs bo nn 
ESE ei cen 
CEES RS eee E 
oe eee 
Scie mnie ts| ise 
falas seer esas 
ae TES lesa2) 
EeSeee see cee eee 
See SCR ee dee eee 
Savauercsannvann 
ee earn sat al : 
y Ue see |e | [i Bec 
Ae tee Seer es saaEEEe 
i la id (i pamee 





-40— 
















NO SPACING ARRAY - 11 PLATELETS Ch 











TH 


























{ 
i at 
ie 
‘= 
ze b+ 

















eee i || | 
mee i! | 
rn or 
‘ | ! 
I 
if i 
































































= 
= 
ie 
B 
Es 
a 
a 
a | 
SRS EE TR ceases 
BISBEE HRS RE RES eSaAeS 
| ea a Lad 
Ze) ATE SEEN Sees Sea esis 
SaaS BRE BASSAS ERE EaEES oS 
SEGRE ESSERE Sanaa ees } 
FIRES ---SARRRR REELS EeRESSREAA eee 
miei | le BERRARERRISS Se Saha TRA s 
pa aal (CHER RES ERR 
pitt :| SRERRARES ORE 
Rates SERRA Se eee 
ECEEE EEE REECE Creer 
ame Seo eR ERe eS eeS 
Hoses ae ee 
Seeneadee SEE E EE 








Geceeneis Eee Rese 
| PEER Ere EERE ER: 
eee oes 
Ses pereudond UeenaECEESuEeuereee 
Ieee ESSER eas eRe ERE 
HHL. ttt tt tt O1@ 


ERSTE TSE PEEP 
Sa pepeseeeeabsrseeeerd besscetcecea\ees 
Seeedneweceeens BUsemzees Ssieraciitars 

Saale 


CECE OEE Pe PERE 


: oe ee 














He 































































B, RE Bae eRe | 7) aviator ata led ees) sed Bi 
2) Ae See ee SeRRee BSSE- D9 eRe See Ce eeL eee 


yale 











NO SPACING ARRAY - 13 PLATELETS Cp 





Ieee 
Et Ho 
ate eee 

Roe eta 

eae ne” O 

ee —+ te 

aeaa een: 

Ole | Dae 

te 

aaa 

Da a 






















































TRS 














i] 
| 
t { 
: veda t+ ci -oregt ~~ 




































|_| ; 




















SSeS Ree SaaS Sear: 




















eee 








NO SPACING ARRAY - 15 PLATELETS Ch 















eT 
sa = 
ti 
ee] 
——-— - + 

— 0 4-4 
Te) 3 































fe = 0} 
Aa 
Peeeey —} | 
+ 4-4 —-—— | ©) 
He 
EEE 
Ho 9 
a Ee Se a ee ad) 

ttt} 4 | at 













































Beers 
SeeSaSeSeeSuenee ce 
ERERAR Rese eee eee 
ZERLaASERRaR SSeS SEER SE, 4-H REPS 
Pe a BS seaeeey ipventanteat oestace 
















Bares beasts SORSR Ee SCeaeeeow oseecS See r. 
! 
| { 
ee 
' 





























200000 S) S00 
@ 
Pee eet ne | 
ERR SSe eee Reeeeen | sees (eeecneeee cola 8 
BERET eerie inlets istei ae ree aera 
| Se ee tee goo gee Se sce seeesgeec ce - 
BEER HERRERA ra Baby. 
Beebe ieb man) |e alee: |e ie a 
alpen eile eae la it aR 5 
elo rr ee eS I pee J 
[sO Boca iia ala = 
aa ak lea has se ace lI meal iw 
5 5 Bel Gs a HO SCE =m cows 
Sorat ie Ice lalate tale tala a 
| pe ements faring oleae ) 
5S i a aL nes -_ 
eNO 0 ca ee ala a 
Bee geen aes es cnn eon mia 














| sega ae 





BEd Peceesceueceeeeeeeee BNGili 


Save fesesagney sravsvavetstserereres 




















a one 

Be see a ata Sie eleiel aes ee aie Seale _ 
SE eee ORR ears eae eas ee no 
BE Cigale ee asc aaa aaa Sennee nee 
SERRMNS ISO EeEREEEES SO eee cee sane B AB 
Boe : Se Mee ee BES Sce Tea 
TPE Seee etaasattd tscesceceeeeeet FEEEEEEEE EC 

oe in saya a = zi a sSanehl 
Sarat feseereee reattach Cat gee eames rT Te 
mal eae S0CGES SSS 
Et OOO id OL 0 a 








ts SEER Seen 








- 17 PLATELETS oS 


NO SPACING ARRAY 





























aeaE™ 
Bea 





=H 





+ 




















r 
x 





++ 
-aee 


j | — t+ 
ob 
H 
+ 
a 
| 
fae | [ 
‘ye a ae a | 
dy 

















Sage 








ae 
i 
o 


| 



























































eet be 
Sues snistaseranesesesare 


roel 





susndatayeneneufesazantafasezares 
suasueeaes beceused ee CURRSEERTI ED 





Paaeaeaee ob tl ee 
1 |_|: Sa ee ip teil i A Fd a pececeusnrbtersees 


aS. 15a 
Zz 


ram 
I 
ft 
| tt 






| 
| 





























‘ 














Sunn 
ea 
+ 
: 





ihe 
—— 4) 











































































ens |ersh 



































A) 
SEER Per | 
See eee ae 





aa 4 








DISCUSSION OF RESULTS 


Examination of the resulting data from the experimenta- 
tion reveals several interesting points. CoOnsidering just 
the 1" spacing array alone, it is easily seen from Figure 
29 that the coefficient of drag is a maximum at five platelets 
and that Cy decreases substantially after this point, con- 
Sidering the value plotted at six platelets as slightly high, 
as is probably the case. This indicates that the value of 
additional platelets beyond five, i.e., three rows, is 
marginal. Quite obviously, the drag will increase; but the 
relative effectiveness of these additional platelets will be 
small. Hence it would appear that for this array five plate- 
lets is the optimum configuration. 

Realizing full well from the foregoing that the leading 
platelets were more effective than the trailing ones, theme 3 
array was tested and the results displayed graphically in 
Figure 29 as before. From this plot it is surmised that the 
effect of installing additional groups of two platelets, one 
behind the other, was constant. Thus, little gain could be 
realized in going to a long group of platelets, one behind 
the other. This result seemed to put a semi-constraint on 
the number of transverse platelets to two. At least as far 
as an optimal configuration was concerned, this seemed to be 


the case, 


— Ee 








Seemingly constrained to five platelets fore and aft 
and two transversely, the next parameter needing attention 
was the horizontal (transverse) spacing. (Note: The fore 
and aft spacing for all arrays was set at 7 inches, so as 
tO provide for both a realistic spacing on the parent ship 
(42 feet) and an effective basis of comparison of the various 
arrays.) Thus, the 1 1/4" spacing array was proposed and 
tested, resulting in the highest coefficient of drag of any 
array tested (see Figure 29). Although the value of C), 
me constant at 1.15 up to and including that for five plate- 
lets, it is believed, although not experimentally verified, 
that the value of C, for six platelets would be below that 
of five platelets as was the case in the 1" spacing array. 

As a final check on the validity of the results for the 
above arrays, as well as the determination of the effect of 
one large platelet, the no spacing array was tested and the 
results again were plotted in Figure 29. Surprisingly, in 
no case did the coefficient of drag exceed that of the 
11/4" spacing array. 

From the above it can be stated that for the arrays 
tested the 1 1/4" spacing design appears to offer the best 
drag producing ability. It is further felt that if this is 
not the optimum solution, it is certainly near same. Experi- 
mentation done by oer nent! on the interference drag of 


cylindersand disks in close proximity seems to substantiate 


=—46— 











the above conclusion concerning the optimum spacing. 

Figure 30 indicates the ability of each configuration 
in reducing the head eee of a supertanker. Aside from the 
obvious conclusion that the greater the number of platelets 
e@e greater the reduction of head reach, we can detect 
several other interesting results. For example, a five plate- 
let configuration in the 1 1/4" spacing array is actually more 
beneficial in terms of reducing head reach than a six platelet 
configuration in the other arrays. Thus, we can use less 


platelets and obtain a greater reduction in head reach. 


Surely, this is the correct direction in which to be headed. 
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CONCLUSIONS 


From the arrays tested, which evolved from a system- 
atized analysis, it appears that the 1 1/4" spacing array 
with five platelets offers the optimum or near optimum 
configuration for use in producing the drag necessary to 
substantially reduce the head reach of a sSupertanker. In 
this case, the head reach is reduced by one-third. Added to 
this appealing argument for a five platelet, 1 1/4" spacing 
array is the small size and small number of platelets in- 
volved which lends itself well to easy maintenance and high 
reliability. 

At this point, one might wonder whether or not the re- 
Seerron in head reach offered by the above configuration is 
sufficient to adequately solve the supertanker deceleration 
problem. The one-third reduction in head reach coupled with 
the seemingly increased maneuverability available through 
the mechanical manipulation of the five platelets, and hence 
the possible even greater reduction of distance traveled 
"directly forward" makes the 1 1/4" spacing array - five 
platelet configuration —- appealing. The seventeen platelet 
configuration of the no spacing array may offer a superior 
reduction in head reach, but the decreased maneuverability 
alleged by same, along with its large size and weight, makes 


it a poor competitor. Thus, it would seem that the optimal 
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quality of the five platelet configuration of the 1 1/4" 
spacing array is even more striking upon closer inspection 
and hence would suffice to adequately solve the ship decel- 
eration problem. 

Certainly some degree of pitching of the ship will re- 
sult from the addition of platelets to the keel. The inten- 
sity of the pitching moment was not investigated in this 
thesis but could be handled rather easily using apparatus 
and techniques similar to those employed in this manuscript. 
It is doubtful that the pitching moment developed by the 
platelets would be constraining; but if this were the case, 
some additional tradeoffs involving the number of platelets 
used would have to be made. 

Finally, a few words might be said regarding the install- 
ation of the platelets to the ship's hull. It is felt by the 
author that the best method of adapting the platelets to the 
keel would be to construct a ent ees nidea encasement into 
which the platelets would be withdrawn when not in use, and 
cause the platelets to be raised and lowered hydraulically 
in the normal situation and mechanically in the event of 


failure of the hydraulic system. 
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RECOMMENDATIONS 


There are only two recommendations which are felt sig- 
nificant. One regards the apparatus and the other, future 
work in inducing drag forces on supertankers. 

First, a load cell of 25 lbf or 50 lbf capacity is 
sorely needed if accurate results are expected in low speed 
ranges. Unfortunately, this was not available during this 
thesis work and hence the values of Ch at low speeds 
suffered somewhat. Fortunately, however, the main interest 
of this study was at higher speeds. 

Lastly, it is recommended that in further work in plate- 
let arrays, the next step taken be to increase the platelet 
spacing to 1 1/2" and higher and note the results. It is 


believed that this is the path to take to confirm optimization. 
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APPENDIX I 


TABLE OF SYMBOLS 


A - Total area of platelets normal to flow 

Am - Midship area of ship 

me Beam of ship (ft) 

Be — Block Coefficient (= 354/LBT) 

memes coecificient of drag based on total area of platelets 
Meee tictional resistance coefficient 

ACs - Correlation factor 


C, - Midship section coefficient (= Am/pT) 


m 
—~ Prismatic coefficient ( = V/AmL) 

ee esidual resistance coefficient 

C, - Total resistance coefficient 

Drag Corr. - Corrected value of drag of platelets 
Dj, - Lower load cell drag (counts) 

D, - Upper load cell drag (counts) 

EHP —~ Effective horsepower 

Fp —~ Braking force of platelets (lbf) 

Fy; - Lower load cell force (1bf) 

F, - Ship resistance force (lbf) 

F, - Upper load cell force (lbf) 


H ~ Head reach or distance traveled by ship during deceleration (ft) 


L —- Length 


: -53- 





m - Added mass of ship (1bm) 

M- Mass of ship (1bm) 

P.C. — Propulsive coefficient (= EHP /sup) 
R -—- Ship resistance (1bf£) 

S - Ship wetted surface area (Et) 

SHP - Shaft horsepower 

t - Time (sec) 

feeworaft os ship (ft) 

V,,- Model speed (ft/sec) 

- Ship speed (kts) 

~ Distance along plate (in.) 

- Boundary layer thickness 

Full load displacement of ship (tons) 


- Ship volume (35 xA) (£t3) 


—- Density 


woI hb Hn Xo 
I 


—~ Kinematic viscosity (ft/sec) 
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APPENDIV EE 


ANALYSIS OF REYNOLDS NUMBER CONSERVATION 


Having decided that based on the experiment at hand the 
Reynolds number was indeed the parameter to conserve, its value 


was then calculated for the parent ship in the following manner: 





Based on the parent platelet length of 6 feet: 


Re, = Vv (6) 
Pp 1.26 x 10-5 x 1.689 


where V = kts 


. . Re. = 8.04 x 10° V 


Now for Reynolds numbers of 10% 


and beyond, as is the case 
above, the coefficient of drag, Cp, for a plate normal to the 
flow; i.e., the platelets, is constant over said range. Hence, 
it then is valid to chose a Reynolds number for the model some- 
what less- than that of the parent, and still obtain correct re- 
Sults for the coefficient of drag of the model platelets as 
long as Re is greater than one 


maus for Vo = 16 kts for example: 


Re, = 8.04 x 10° (16) 


eS eee Se TO! 


p 


SSIS 








Hence chose: 


Re. = 1.288 x 10° 


° 


= R 
Vn = Em (VY) 


Lm 


Ren, (1.055 x 107°) 


1 ines oo -£t/ 1 oe 
. . Vm = Ren 
729 soos 


Then for Vp = 16 kts: 


Vm = 1.288 x 10° 
7 Ouse OS 


- - Vm = 16.30 ft/sec 


In a similar way, a table of model speeds was generated. 


Vo Re ‘Re | Vm 
(| EE se) 
2.0 1.61 x 10° 1.61 x 104 2.04 
3.0 2.42 x 108 PY 5 AO 3.06 
4.0 3.22 x 106 3.22 x 104 4.08 
5.0 2502 LO 4.02 x 104 5.10 
6.0 4.83 x 106 4.83 x 104 6.12 
ae 5.63 x 10° 5.63 x 104 eae 
8.0 6.44 x 10° 6.44 x 104 8.15 


S56 





a0 
10.0 
1c ere, 
p25 0 
HS. O 
14.0 
TES Ee. 


Mis) 319 


R 
Ae 


7.24 x 10° 


8.04 x 10° 


Vi se Wee 


9.65 x 10° 
1.046 x 10/7 


Ty se Te! 


Lore) se oe 


1. DE se 510" 


57 = 


Re 
m 
7.24 x 104 


8.04 x 107 


8.84 x 104 
9.65 x 104 
1.046 x 10° 
1.127 x 10° 
1.208 x 10° 


1.288 x 10° 


Vm 


(ft/sec) 
9.16 


10.18 
Mt. 2) 
1220 
Ieee 
14.25 
15.28 


les So) 





APPENDED ant 


DETAILS OF CALIBRATION PROCESS 


The calibration of the load cells used to determine the 
drag force on the plate/platelets was crucial in that a set 
of simultaneous equations was generated on which all subsequent 


analyses depended. Pictorially, the situation was as follows: 


Upper Load Cell (100 l1bf) 
mo 1/72" 
4 3/8" Lower Load Cell (200 lb€) 
Upper Groove 
4 1/2" Lower Groove 


A horizontal force of known value was applied through 


7 


use of a weight/pulley system, and the output of the upper and 


lower load cells recorded. The following resulted: 


Py 
F 
e Wt 


Lie 





For the lower groove, the force and moment equations are: 


[ eS aia 
10.5 F, = 8.875 We 


0.845 Wt 


v—~ 
eS 
® 
® 
br 
il 


= 1.845 Wt 


~~ 
NO 
° 
€ 
rr 
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For the upper groove, the force and moment equations are: 


pe 


10.5 F, = 4.375 Wt 


0.417 Wt 


~-~ 
WW 
wee 
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0.417 Wt 
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Using various weights, the above equations, (1), (2), (3) 
and (4), were plotted and curves were generated for the conver- 


Sion of upper and lower load cell outputs in counts to I1bf. 





APPENDIX IV 


PARENT SHIP CHARACTERISTICS 


The parent ship chosen to be used in the correlation of 
experimental data to an existing supertanker was the ESSO 


PEMBROKESHIRE, which had the following characteristics: 


; Displacement (4) = 101,234 tons 
Length (L) = 820 ft. 
Beam (B) = 112.5 ft. 
Draft (T) = 49.2 ft. 
Maximum speed (Vyax) = 16.4 kts 
Shaft horsepower (SHP) = 26,500 HP 
Propulsive Coefficient (PC) = 0.65 
Midship Section Coefficient (C,) = 0.99 


Proceeding, as dictated by Series 60 (16) | the value for 


the total ship resistance coefficient (C,) was obtained as 


? 





follows: 
c. = 935A 
Sa oer 
oro 5 tl Olney 
B20 sll 255) 4o2a7) 
e @ Ca — 0.78 
Further: 
ae, Be C 
Cp = V B 





where C, = Am/ BT 


Hence: 
Ee = 0.78 
P 0.99 
hee Ye = 0.788 
p 
Also: 
bys s  S10 
Tae 2S 
e e L/B = 12.3 
And: 
Be ~ Line 
49.2 
weer = 228 
Now: 
SHP ~ v2 


Hence converting data for 16.4 kts to 16.0 kts: 





mamiiG Ole, (1620) 2 
SHP, 6 4 16.4 
SHP) ¢ 6 = 26,500 (0.927) 
a 2 SHP, 6 o = 24,600 HP 
Then: 
PC = EHP/SHP 
EHP = SHP °- PC 


24,600 (0.65) 


Le 





- 


> BHP =) 16, 000,HE 


Now, from Table D3 of Series 66) a. 


EHP = Ve. R 
2256 

Where: 

V = speed of ship in knots 
And: 

25.0 2S a Converston factor Used by joerles 60 ‘16! 

R= 16,000 (325.6 | 

16 
. . R= 3.256 x 10° 1bé 


Then from Figures B124 and B1l25 of Series 60 16), 


Sy/A V 2/3 = 6.12 


S = 6.12 (35 x 1.01234 x 10°) 2/3 
..S = 1.425 x 10° £t2 
Now: . 
C R 


ss ES 


Vea se lo 
1/2 (1.99) (27)2 (1.425 x 10>) 


oe Cc. = 25 15) ox 107> for ie — lis Pere 


Aso 





APPENDIX V 


DEVELOPMENT OF HEAD REACH EQUATION 


The equation for the head reach attained during the decel- 
eration of a ship from a given initial speed to a given final 
speed is enumerated below. The only assumption made is that 
the added mass of the ship, m, is equal to 5 percent of the 


total mass of the ship. This assumption is taken from Van 





Bianen, ‘14? 
F = M* dv 
dt 
where M* = mt+M 
ia. > 
m = 0.05M 
Hence: 
F = 1.05M dV 
dt 
Now: : 


hull resistance + resistance offered by 
the brake 


Total force 


R B 
where 
= 2 
F. = Cc, L/Z e V S 
‘ —_ Z 
F = Cp 2 e V A 
And: 


=O3= 





Werwsl Frictional Residual Correlation 


Resistance = Resistance + Resistance + Factor 
Coeff. Coeff. Coeff. 
2 + CO = Ce eC 2, A Cy 


the frictional resistance being derived from the hull 


and the residual resistance from the wave motions. 





Then: 
at 
1/2 @ v* ( S+Cp A) = 1.05 M _av 
at 
Now: 
av = av : GH 
at aH Cie 
ee av = V av 
aie aH 
where H = head reach 
Hence: 


Ws v2 (C, Sec ryes) Leis Ml Ne shy 


qH 


72 e Vi (C, S + Cp A) 1.05 M _av 


dH 


Rearranging the above equation: 


av = P (C, S + Cp A) @H 


V Zee 


ao4 = 





Realizing that Cp, is independent er time as discusseamem 
the "Results" section of this manuscript and assuming for the 
moment that C, is also independent of time, we obtain upon 


integration of both sides of the above equation: 





(in v)¥e = _° (Cj, S+cy a) (Hie 
Oo 222° O 
Here) CC. 1S not strictly amdependent Gf Eime and hence 
its effect will be handled numerically later in 
this section. 
in, Vein Ve — e (GC 2504+ Co Aye (eerie 
£ Oo t D i e) 
SA al 
Now: 
@tr=o , a puelGmiseSs: org27 Pisce 
Hence: 
in Vg -In (27) = __& (C, S+Cp A) (Hg -Ho) 
Zale 
Bit ¢ 
Hi. “Hy = -H 
mows : 
hn Pe (Ceemen (H) 
2 sie 


-.e H = Dl M (323m en Ve) 
© (Cy S + Cp PNY 


M= fYV x 2240 libm 


oo 





O = 64 lbmn/£t? 





(Sn. se Fie oe ae DO AOL (a. oe ree) 
64. (C, S + Cy A) 


has been neglected 
(7) 


Up until this point the parameter, CL, 


but with good reason. Having consulted Baba's article a 
Beaph of C; vs. speed was obtained and later confirmed for 
data of the parent ship chosen in Appendix IV; i.e., ESSO 
PEMBROKESHIRE. However, the variation of C, with speed was of 
a nature as to preclude evaluation in equation (5) by methods 


other than numerical (see Figure 31). Hence the procedure 


followed for the speed range of sixteen to six knots was: 


Meom eduation (5) for V = 16 to 15 kts: 
H = 2.1 A (2240) (3.3 -In (15 x 1.689)) 


64 (C, S + Cy A) 


2 ee lLOr 22220 3.3 ~3.23) 
64 (GU15 x 10= ee 25 =x 102) coe 


7 


(Ge ee 1102 
4.49 x 102 tC A 


ID, 
fot ¥ = 15 to 14 kts: 


a Pie Clonee Yael (an 2e Sabana se AGES) 
64 ((3.06 x 1073) (1.425 x 10°) + Cy A) 


ce. ene Se eo 


Saran atinied = AP Aaa ies aaa — 
4.36 x 10 ss Cp A 


Bor V = 14 to 13 kts: 


Hee 21 Ol 234) (oo aOmaiGmGme Tn (13 5c ImGes 
64 ((3.03 x 1073) (1.425 x 10°) + Cp A) 


=66-— 





WITH SPEED FOR SUPERTANKERS 
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VARIATION OF C 
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Seceae sous scpesnsuusseescesece 


Soa 





Ge ES Sa scene? 
A237 102 + Cp A 


Hor Vv = 13 to 8 kts; 


H = 2.1 (101,234) (2240 (3.09 -1n(8 x 1.689)) 
64 ((3.0 x 1073) (1.425 x 10°) + Cp A) 
(9). .H = 3.65 x 10° 


2 Oey ae 


her V = § to 7 kts: 


H = 2.1 (101, 234) (2240) (2.06 —<In VW = 126soR 


64 ((3.03 x 1073) (1.425 x 10°) + Cy A) 


9.65 x 10° 
4.32 X 104 +CpA 


(10) _ H 


Homey = | to 6 kts; 


H = 2.12 (101.234). (2240) (2 47 =n (omen eae 


64 ((3.06 x 1073) (1.425 x 10°) + Cy A) 


1.118 x 10° 


Ge) eee 
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SAMPLE CALCULATIONS 


Hae ELOlLlLOwing is a calculation of €he head reaenvaeeamed 
by a supertanker with and without a braking device. In this 
example, the 1 1/4" spacing array consisting of five platelets 
Was chosen for analysis. Initially, from Figure 19, the average 
coefficient of drag was obtained for this configuration. 

Hence: 


& = 1.15 
D avg. 


Now from equation (6) without braking device for V = 16 to 


15 Kts:; 
H = (5.21 x 10° 
4.49 x 102 
(a)... H = 1,160 £t. 
From equation (7) without braking device for V = 15 to 
14 kts: 
Eon lecaenos 
4.36 x 102 
(o) . .H = 1,195 ft. 
From equation (8) without braking device for V = 14 to 
13 kts: 
H = _5.21 x 10° 
4.32 x 10 
(c) . .H = 1,205 £t. 


.69- 





From equation (9) without braking device for V = 13 to 


8 kts: 
H = _3.65 x 10° 
4.275 x 102. 
Gy) 08] 8830 2 
From equation (10) without braking device for V = 8 to 
7 kts: 
H = _9.65 x 10° 
4.32 x 102 
@ 8 2 2,005 2s. 
From equation (11) without braking device for V = 7 to 
6 kts: 
H = _1.118 x 10° 
4.36 x 10 
: @e. . & 2 2,560eR0 


Adding equations (a) through (£): 


[eee - LemOooo. fer 


4 


Note: Area of each parent platelet equals 36 ft... 





Now from equation (6) with the five platelet brake for 
m= 16 to 15 kts: 


H = 5.21 x 10° 
4.49 D4 102 + Co A 


= 5.21 x 10° 
4.49 x 102 + 1.15 (5 x 36) 


184° Et. 


Hl 


(a') . .H 


ay 6 





From equation (7) 


15 to 14 kts: 


Cole 


From equation (8) 


metro 13 kts: 


fe") 


From equation (9) 


13 to 8 kts: 


(d') 


From equation (10) with the five platelet brake for V 


Seco 7 kts: 


(e' ) 


H 


H 


H 


with the five platelet brake for V 


with the five platelet brake for V 


with the five platelet brake for V 


II ° 


5.21 x 10° 
4.36 x 102 + Cp A 


U 


5.21 x 10° 
tle Oe eS 
4.36 x 10° + 1.15 (5 x 36) 


SLO fe. 


5.21 x 10° 
ae 32 xX Tow + Cp A 


5.21 x 10° 
4.32 x 102 + 1.15 (5 x 36) 


Sl5 ic. 


3.65 x 106 
A275 x l0se ee 


3.65 x 10° * 
4.275 x 102 + 1.15 (5 x 36) 


LOO ate. 


2) SE le 
4.32 x 10° + Cp A 


9.65 x 10° 
4.32 x 102 + 1.15 (5 x 36) 


iSO Ee Ey. 


a4 Oe 





From equation (11) with the five platelet brake for V = 


i to. 6 Kits: 


2 aa ieeee LoS 
4.36 x 10° + Cha 
= 1.118 x 19° : 
4.36 x 10° + 1.15 (5 x 36) 
(f') . . H = 1,735 £t. 


Adding equations (a') through (£'): 


- 3. Hee wl). 44 Fe. 
Hence: 


% reduction in head 


reach by addition of = 16,888 -11,414 x 100 
platelets 16,888 
ee on — wes... 4% 
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APPENDIX VII 


SUMMARY OF CALCULATIONS 


1“ Spacing Array ; 


gfe 


Head Reach Head Reach % Reduction 
fo. of S Without Brake With Brake in 
Platelets dD Ca) (ta) Head Reach 
Jt O25 16,888 15,940 a6 
Z 0.99 16,888 14,493 L645 
5 0.68 16,888 13,866 ses, 
5 0.90 16,888 L230) Ps Oe: 
6 0.90 16,888 1645 310 
iH O85 Jiisyy teres: Mite SG Segre 
8 0280 Ie ateisis: 11,044 34.6 
i  Spaeime 4 
2 0.80 16,888 14,926, LAG 
4 0.81 16,888 13,289 2s 
6 0.79 16,536 1277.06 2on5 
1 1/4" Spacin 
Z Jpeg! ie Ie) peskeys: 14,165 omen 
3 ek 1678e8s 13,154 22 
4 dee be) lS eksts: eee OW P| 
5 | ee 1623883 11,414 BZ .4 





No Spacing Array 


Head Reach Head Reach % Reduction 
ho. Of oe Without Brake With Brake in 
Platelets mean’ (Garey, (eb) Head Reach 
2 OF S08 16,888 14,675 ieee 
3 0.90 6, S05 ES, 186 18.4 
> ORS. 16,888 122, O38 Pasir & 
7 iL AOE 16,888 10,466 — 38.0 
9 LEAR, 16,888 9,247 45.2 
nae PRA 8. 16,888 8,407 50nzZ 
13 1.09 ro 7Ses 7,743 | 54.2 
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